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(57) ABSTRACT 

An apparatus for generating electrical energy including a ?rst 
electrode, a second electrode and one or more nanoWires, and 
a method for manufacturing the apparatus for generating 
electrical energy. The second electrode may have a concave 
portion and a convex portion. The ?rst electrode and the 
nanoWire are formed of different materials. The nanoWire is 
formed on the ?rst electrode and is positioned between the 
?rst electrode and the second electrode. Because the nanoW 
ire is formed on the ?rst electrode, the nanoWire may be 
groWn vertically and the uniformity and conductivity of the 
nanoWires may be improved. When a stress is applied to the 
?rst electrode or the second electrode, the nanoWire is 
deformed and an electric current is generated from the 
nanoWire due to a piezoelectric effect of the nanoWire and a 
Schottky contact betWeen the nanoWire and the electrode 
Which makes contact With the nanoWire. Accordingly, When 
the apparatus for generating electrical energy is bent or 
pressed in part, electrical energy is generated in response to 
the applied stress. 

7 Claims, 15 Drawing Sheets 
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APPARATUS FOR GENERATING 
ELECTRICAL ENERGY AND METHOD FOR 

MANUFACTURING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application claims priority to Korean Patent Applica 
tion No. 10-2008-77595 ?led on Aug. 7, 2008, and Korean 
Patent Application No. 10-2008-123612 ?led on Dec. 5, 
2008, and all the bene?ts accruing therefrom under 35 U.S.C. 
§1 19, the contents of Which in its entirety are herein incorpo 
rated by reference. 

BACKGROUND 

1. Field 
Exemplary embodiments relate to an apparatus for gener 

ating electrical energy and a method for manufacturing the 
same, more particularly to an apparatus for generating elec 
trical energy using a Schottky contact formed betWeen a 
nanoWire exhibiting a pieZoelectric effect and an electrode 
placed on the nanoWire. 

2. Description of the Related Art 
A touch sensor detects the stress applied to devices, and 

may be used in a touchscreen or other applications. When a 
user touches the screen With a ?nger or other body part, the 
touch sensor detects the stress applied to the screen and reg 
isters the applied stress as an input signal. 

In such a touch sensor, a voltage may be applied to one or 
more edge portions of a screen. When a user’s ?nger or body 
part contacts the screen, the stress applied to the screen from 
the ?nger or body part may be detected as on a resistance 
change or voltage drop. 

SUMMARY 

In one exemplary embodiment there is provided an appa 
ratus for generating electrical energy Which generates elec 
trical energy in response to applied stress. In another exem 
plary embodiment, there is provided a method for 
manufacturing the apparatus for generating electrical energy. 

In another exemplary embodiment, there is provided an 
apparatus for generating electrical energy including a ?rst 
electrode, a second electrode and a nanoWire. The second 
electrode may have a concave portion and a convex portion. 
The nanoWire is formed on the ?rst electrode and is posi 
tioned betWeen the ?rst electrode and the second electrode. 
The ?rst electrode and the nanoWire are formed of different 
materials. When a stress is applied to the ?rst electrode or the 
second electrode, the nanoWire is deformed, and an electrical 
current is generated from the nanoWire oWing to the pieZo 
electric effect of the nanoWire and a Schottky contact that is 
formed betWeen the nanoWire and the electrode Which makes 
contact With the nanoWire. 

In another exemplary embodiment, there is provided a 
method for manufacturing the apparatus for generating elec 
trical energy. In another exemplary embodiment, the appara 
tus for generating electrical energy is manufactured by form 
ing a nanoWire on a ?rst electrode layer disposed on a 
substrate, the ?rst electrode layer and the nanoWire being 
formed different materials; preparing a second electrode 
layer having a concave portion and a convex portion facing 
the ?rst electrode layer, the second electrode layer being 
spaced apart from the ?rst electrode layer; With the nanoWire 
of the ?rst electrode in proximity to the second electrode 
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2 
layer; and connecting the ?rst electrode layer With the second 
electrode layer using a conductor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other aspects, features and other advantages 
of the exemplary embodiments Will be more clearly under 
stood from the folloWing detailed description taken in con 
junction With the accompanying draWings, in Which: 

FIG. 1 is a perspective vieW shoWing an exemplary 
embodiment of an apparatus for generating electrical energy 
according to the present invention; 

FIG. 2 is a front vieW of the apparatus for generating 
electrical energy as illustrated in FIG. 1; 

FIG. 3 is a front vieW shoWing the apparatus for generating 
electrical energy illustrated in FIG. 1 Where a stress is applied 
to the apparatus; 

FIG. 4 is a perspective vieW shoWing an exemplary 
embodiment of an apparatus for generating electrical energy 
according to the present invention; 

FIG. 5 is an exploded vieW of the apparatus for generating 
electrical energy illustrated in FIG. 4; 

FIG. 6 is a perspective vieW shoWing an exemplary 
embodiment of an apparatus for generating electrical energy 
according to the present invention; 

FIGS. 7a through 7f are cross-sectional vieWs shoWing an 
exemplary embodiment illustrating a process of preparing a 
?rst electrode and a nanoWire of an apparatus for generating 
electrical energy according to the present invention; 

FIGS. 8a through 8g are cross-sectional vieWs shoWing an 
exemplary embodiment illustrating a process of preparing a 
second electrode of an apparatus for generating electrical 
energy according to the present invention; and 

FIGS. 9a and 9b are cross-sectional vieWs shoWing an 
exemplary embodiment illustrating a process of bringing the 
nanoWire of the ?rst electrode into proximity to a second 
electrode to manufacture an apparatus for generating electri 
cal energy according to the present invention. 

DETAILED DESCRIPTION 

Exemplary embodiments noW Will be described more fully 
hereinafter With reference to the accompanying draWings, in 
Which exemplary embodiments are shoWn. The invention 
may, hoWever, be embodied in many different forms and 
should not be construed as limited to the exemplary embodi 
ments set forth herein. Rather, these exemplary embodiments 
are provided so that this disclosure Will be thorough and 
complete, and Will fully convey the scope of the invention to 
those skilled in the art. In the description, details of Well 
knoWn features and techniques may be omitted to avoid 
unnecessarily obscuring the presented embodiments. 
The terminology used herein is for the purpose of describ 

ing particular embodiments only and is not intended to be 
limiting of the invention. As used herein, the singular forms 
“a”, “an” and “the” are intended to include the plural forms as 
Well, unless the context clearly indicates otherWise. Further 
more, the use of the terms a, an, etc. do not denote a limitation 
of quantity, but rather denote the presence of at least one of the 
referenced item. The use of the terms “?rst”, “second”, and 
the like do not imply any particular order, but are included to 
identify individual elements. Moreover, the use of the terms 
?rst, second, etc. do not denote any order or importance, but 
rather the terms ?rst, second, etc. are used to distinguished 
one element from another. It Will be further understood that 
the terms “comprises” and/or “comprising”, or “includes” 
and/or “including” When used in this speci?cation, specify 
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the presence of stated features, regions, integers, steps, opera 
tions, elements, and/or components, but do not preclude the 
presence or addition of one or more other features, regions, 
integers, steps, operations, elements, components, and/or 
groups thereof. 

Unless otherWise de?ned, all terms (including technical 
and scienti?c terms) used herein have the same meaning as 
commonly understood by one of ordinary skill in the art. It 
Will be further understood that terms, such as those de?ned in 
commonly used dictionaries, should be interpreted as having 
a meaning that is consistent With their meaning in the context 
of the relevant art and the present disclosure, and Will not be 
interpreted in an idealiZed or overly formal sense unless 
expressly so de?ned herein. 

In the draWings, like reference numerals in the draWings 
denote like elements. The shape, siZe and regions, and the 
like, of the draWing may be exaggerated for clarity. 

FIG. 1 is a perspective vieW of an apparatus for generating 
electrical energy according to an exemplary embodiment, and 
FIG. 2 is a front vieW of the apparatus for generating electrical 
energy illustrated in FIG. 1. 

Referring to FIGS. 1 and 2, in one exemplary embodiment 
the apparatus for generating electrical energy comprises a 
?rst electrode 10, a second electrode 20 and a nanoWire 30 
disposed betWeen the ?rst electrode 10 and the second elec 
trode 20. 

The ?rst electrode 10 may be a loWer electrode Which 
supports the nanoWire 30. In another exemplary embodiment, 
the ?rst electrode 10 may be formed on a substrate 1 made of 
glass, silicon (Si), polymer, sapphire, gallium nitride (GaN) 
or silicon carbide (SiC). In another exemplary embodiment, 
the ?rst electrode 10 may be a metal ?lm or conductive 
ceramic formed on the substrate 1. 

In another exemplary embodiment, the second electrode 20 
may be spaced apart from the ?rst electrode 10, and is elec 
trically connected to the ?rst electrode 10 by a conductor 40. 
In another exemplary embodiment, the second electrode 20 is 
formed on a substrate 2 made of glass, silicon (Si), polymer, 
sapphire, gallium nitride (GaN) or silicon carbide (SiC). 

In another exemplary embodiment, the second electrode 20 
has one or more concave portions A1, and one or more convex 

portions A2, and is formed in a ripple shape facing the ?rst 
electrode 10. 

In another exemplary embodiment, at least one of the ?rst 
electrode 10 and the second electrode 20 is formed of a 
?exible electrode Which canbe deformed by an applied stress. 
In another exemplary embodiment, the ?rst electrode 10 and 
the second electrode 20 may be formed of a transparent elec 
trode. 

In another exemplary embodiment, the ?rst electrode 10 
and the second electrode 20 may be formed of at least one of 
ITO, carbon nanotubes (“CNT”), a conductive polymer, a 
nano?ber, a nanocomposite, gold-palladium alloy (AuPd), 
gold (Au), palladium (Pd), platinum (Pt) and ruthenium (Ru). 

In another exemplary embodiment, the substrate 1 on 
Which the ?rst electrode 10 is disposed and the substrate 2 on 
Which the second electrode 20 is disposed may be formed of 
a ?exible material Which can be deformed by an applied 
stress. In another exemplary embodiment, the substrates 1, 2 
may be formed of a transparent material such as but not 
limited to glass. 

In another exemplary embodiment, the nanoWire 30 is 
disposed betWeen the ?rst electrode 10 and the second elec 
trode 20. In another exemplary embodiment, the nanoWire 30 
extends in a direction D1 perpendicular to the ?rst electrode 
10 and the second electrode 20. In another exemplary 
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4 
embodiment, the nanoWire 30 is aligned With the concave 
portion A1 of the second electrode 20. 
The number of the nanoWires 30 illustrated in FIGS. 1 and 

2 is non-limiting. The number of the nanoWires 30 may be 
varied depending on the siZe and application of the apparatus. 

In another exemplary embodiment, the nanoWire 30 is 
formed on the ?rst electrode 10. It may have several advan 
tages to form the nanoWire 30 on the ?rst electrode 10. For 
example, a conductivity of the nanoWire energy generating 
system may be improved since the nanoWire 30 is formed on 
the ?rst electrode 10 Which is a conductor. Further, it may 
become easier to control the groWth of the nanoWire 30. For 
example, the nanoWire 30 may be groWn vertically on the ?rst 
electrode 10. Furthermore, a uniformity of the shapes or 
longitudinal directions of the nanoWires 3 0 may be improved. 

In another exemplary embodiment, When a stress is applied 
to the apparatus for generating electrical energy or a part 
thereof, the distance betWeen the ?rst electrode 10 and the 
second electrode 20 is changed resulting in the nanoWire 30 
betWeen the ?rst electrode 10 and the second electrode 20 
being deformed. 

In another exemplary embodiment, if the distance betWeen 
the ?rst electrode 10 and the second electrode 20 is decreased, 
the nanoWire 30 at the corresponding location may become 
bent in the lengthWise direction D1. The bent nanoWire 30 
exhibits a pieZoelectric effect Which results in each portion of 
the nanoWire 30 having different electric potentials depend 
ing on the compressive stress or tensile stress applied thereto. 

In another exemplary embodiment, the nanoWire 30 may 
be made of a material exhibiting a pieZoelectric effect, such as 
ZnO, for example, but is not limited thereto. Upon the appli 
cation of a stress the nanoWire 30 made of ZnO is bent, 
resulting in each portion of the nanoWire 30 having a different 
electric potentials due to the asymmetric crystal structure of 
the ZnO, resulting in an electrical energy being generated. 
This Will be described in further detail When referring to FIG. 
3. 

In another exemplary embodiment, the nanoWire 30 may 
be made of other materials Which exhibit a pieZoelectric 
effect When a stress is applied. In another exemplary embodi 
ment, the nanoWires 30 may be made of lead Zirconate titanate 
(“PZT”) or barium titanate (BaTiO3), for example, but is not 
limited thereto. 

FIG. 3 is a front vieW shoWing the apparatus for generating 
electrical energy illustrated in FIG. 1 Where a stress is applied 
to the apparatus. 

Referring to FIG. 3, in one exemplary embodiment, as a 
stress is applied on top of the substrate 2, a portion B of the 
substrate 2 and the second electrode 20 may be bent doWn 
Ward, as illustrated. As a result, the distance betWeen the ?rst 
electrode 10 and the second electrode 20 is decreased, and the 
nanoWire 30 positioned betWeen the ?rst electrode 10 and the 
second electrode 20 may be bent With respect to the length 
Wise direction of the nanoWire 30. The bent nanoWire 30 
exhibits a pieZoelectric effect. In another exemplary embodi 
ment, the nanoWire 30 is made of ZnO, a portion A3 of the 
nanoWire 30 corresponding to Where a compressive stress is 
applied has a negative electric potential, and a portion A4 of 
the nanoWire 30 corresponding to Where a tensile stress is 
applied, opposite the portion A3 of the nanoWire, has a posi 
tive electric potential. 

In another exemplary embodiment, the nanoWire 30 is 
aligned to correspond and be positioned adjacent to the con 
cave portion A1 of the second electrode 20. Accordingly, 
When the distance betWeen the ?rst electrode 10 and the 
second electrode 20 is decreased, the nanoWire 30 is bent and 
contacts the second electrode 20. 
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In another exemplary embodiment, the portion A3 of the 
nanoWire 30 Where the compressive stress is applied has a 
negative electric potential and the second electrode 20 does 
not have an electric potential. Accordingly, the portion A3 
Where the compressive stress is applied and the second elec 
trode 20 forms a forWard-biased Schottky diode, and an elec 
tric current ?oWs from the second electrode 20 toWard the 
nanoWire 30. The current ?oWs through a closed loop formed 
by the second electrode 20, the nanoWire 30, the ?rst elec 
trode 10 and the conductor 40. 

In another exemplary embodiment, the portion A4 of the 
nanoWire 30 corresponding to Where the tensile stress is 
applied has a positive electric potential. Accordingly, the 
portion A4 of the nanoWire 30 Where the tensile stress is 
applied and the second electrode 20 forms a reverse-biased 
Schottky diode, and an electric current does not How. 

In another exemplary embodiment, a stress is applied to the 
second electrode 20 and the distance betWeen the ?rst elec 
trode 10 and the second electrode 20 is decreased, an electric 
current ?oWs due to a Schottky contact betWeen the portion of 
the nanoWire 30 Where a compressive stress is applied and the 
second electrode 20.Accordingly, it is possible to generate an 
electrical current in response to the applied stress. 

In another exemplary embodiment, illustrated in FIG. 3, a 
stress is applied to the second substrate 2 and the second 
electrode 20 is bent. The same effect is achieved if a stress is 
applied to the ?rst electrode 10 and the second electrode 20. 
The same effect is also achieved by pressing a portion of the 
?rst electrode 10 or the second electrode 20, or by bending the 
?rst electrode 10 or the second electrode 20. 

Referring to FIG. 1 through FIG. 3, in another exemplary 
embodiment, the concave portions A1 and the convex por 
tions A2 are formed only on the second electrode 20. 

FIG. 4 is a perspective vieW of an apparatus for generating 
electrical energy according to another embodiment, and FIG. 
5 is an exploded vieW of the apparatus for generating electri 
cal energy illustrated in FIG. 4. 

In another exemplary embodiment, illustrated in FIGS. 4 
and 5, the construction and function of substrates 1, 2 and a 
nanoWire 30 may be the same as those described referring to 
FIGS. 1 through 3. Therefore, a detailed description thereof 
Will be omitted. 

In one exemplary embodiment, the ?rst electrode 11 and 
the second electrode 21 may be a plurality of ?rst and second 
electrodes. The plurality of the ?rst electrodes 11 extend 
along a direction D2 on the substrate 1, and are disposed so as 
to be spaced apart from one another. The plurality of the 
second electrodes 21 extend along a direction D3 perpendicu 
lar to the direction D2 on the substrate 2, and are disposed so 
as to be spaced apart from one another. 

In another exemplary embodiment, the plurality of the ?rst 
electrodes 11 and the plurality of the second electrodes 21 
extend in directions perpendicular to each other, and form a 
matrix type array. The number of the ?rst electrodes 11 and 
the second electrodes 21 illustrated in FIGS. 4 and 5 is not 
limiting, and the number of the ?rst electrodes 11 and the 
second electrodes 21 may be varied depending on the siZe and 
application of the apparatus. 

In another exemplary embodiment, using the apparatus for 
generating electrical energy, it is possible to detect the elec 
trode Where an electric current ?oWs to the plurality of the ?rst 
electrodes 11 and the electrode Where an electric current 
?oWs to the plurality of the second electrodes 21. Therefore, 
it is possible to detect the position Where a stress is applied. 
Accordingly, the apparatus for generating electrical energy 
may be applied in, but not limited to, a touch sensor to detect 
the position Where a stress is applied. 
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6 
In another exemplary embodiment, illustrated in FIGS. 4 

and 5, the nanoWire 30 is disposed on the plurality of ?rst 
electrodes 11. The nanoWire 30 is disposed only on the posi 
tions Where the ?rst electrodes 11 and the second electrodes 
21 cross each other. 

In another exemplary embodiment, the second electrodes 
21 may extend in the direction perpendicular to the ?rst 
electrodes 11. In another exemplary embodiment, the second 
electrodes 21 may extend along a direction inclined to the 
length direction D2 of the ?rst electrodes 11. 

FIG. 6 is a cross-sectional vieW of an apparatus for gener 
ating electrical energy according to another embodiment. 

In another exemplary embodiment, illustrated in FIG. 6, 
the construction and function of substrates 1, 2 and a nanoW 
ire 30 may be the same as those described referring to FIGS. 
1 through 3. Therefore, a detailed description thereof Will be 
omitted. 

In one exemplary embodiment, an elastic material 50 is 
disposed betWeen the ?rst electrode 10 and the second elec 
trode 20. The elastic material 50 may prevent the nanoWire 30 
from being broken When the apparatus for generating electri 
cal energy is pushed or bent. Accordingly, a durability and 
reliability of the apparatus for generating electrical energy 
may be improved. 

In one exemplary embodiment, the elastic material 50 has 
a relatively high elasticity. At the same time, the elastic mate 
rial 50 is formed of a material ?exible enough to alloW the 
nanoWire 30 to be bent. For example, the elastic material 50 
may be formed of at least one of silicone, polydimethylsilox 
ane (PDMS), and urethane. Alternatively, the elastic material 
50 may be formed of other suitable material. 

If the nanoWire 30 is completely covered With the elastic 
material 50, the nanoWire 30 may not contact the second 
electrode 20. Therefore, in another exemplary embodiment, a 
?rst distance L 1 betWeen the ?rst electrode 10 and a top 
surface of the elastic material 50 is not greater than a second 
distance L2 betWeen the ?rst electrode 10 and the top surface 
of the nanoWire 30. Accordingly, an end of the nanoWire 30 
may be exposed, so that the nanoWire 30 may contact the 
second electrode 20 When the nanoWire 30 is bent. 

In another exemplary embodiment, the apparatuses for 
generating electrical energy described herein are used in an 
electronic device for sensing a stress, for example but not 
limited to, a touch sensor. In another exemplary embodiment, 
the apparatuses for generating electrical energy described 
herein are used in a display device, such as but not limited to 
a touch panel, a touchscreen, etc. or a robot skin. 

FIGS. 7a through 7f are cross-sectional vieWs illustrating 
an exemplary embodiment of a process of preparing a ?rst 
electrode and a nanoWire of an apparatus for generating elec 
trical energy. 

In an exemplary embodiment, referring to FIG. 7a, a ?rst 
electrode layer 100 is disposed on a substrate 1. The substrate 
1 may be a substrate made of glass, silicon or polymer. In 
another exemplary embodiment, the ?rst electrode layer 100 
may be made of a ?exible conductive material Which can be 
deformed by an applied stress. In another exemplary embodi 
ment, the ?rst electrode layer 100 may be made of a transpar 
ent material. 

In another exemplary embodiment, the ?rst electrode layer 
100 may be formed of at least one of ITO, CNT, a conductive 
polymer, nano?bers and a nanocomposite. The ?rst electrode 
layer 100 may also be formed of at least one of AuPd alloy, 
Au, Pd, Pt and Ru. 
The ?rst electrode layer 100 may serve as a loWer electrode 

Which supports the nanoWire Which Will be described later. 






